Shampooing is the most common form of hair treatment. Shampoos are primarily products aimed at cleansing the hair and scalp. There are many brands of shampoos in Saudi Arabia, available from different sources, locally and imported from other countries. This study aims to investigate whether such brands comply with the Saudi standard specifications for shampoos, issued by the National Center for Specifications and Standards, and to what extent these specifications are applied. Six shampoo brands were randomly collected from Riyadh market (Pantene Ò , Sunsilk Ò , Herbal essences Ò , Garnier Ultra Doux Ò , Syoss Ò and L'Oreal Elvive Ò ). The selected shampoos were evaluated according to their physicochemical properties, including organoleptic characterization, pH measurement, percentage of solid content, rheological measurements, dirt dispersion level, foaming ability and foam stability, and surface tension. All shampoos had a good percentage of solids, excellent foam formation with stable foam and a highly viscous nature. Regarding the pH measurement, all shampoo samples were within the specified range with good wetting ability. Ó 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Shampoos are probably the most widely used cosmetic products for daily cleansing of the hair and scalp (Ishii, 1997) . A shampoo may be described as a cosmetic product for washing of the hair and scalp, leaving the hair soft, lustrous, and manageable. However, there are some specialty shampoos that contain special ingredients with unusual properties, such as anti-dandruff, nutrition, etc. (Mitsui, 1997) , packed in a convenient form.
Shampoos can be transparent or opaque and are available as liquids, gels, lotions, pastes, creams, or even dry-powder aerosols. Based on their specific functions, shampoos can be classified into the following major categories: general purpose shampoos, conditioning shampoos, anti-dandruff shampoos, baby shampoos, and dry shampoos (Johnson, 1997) .
Most shampoos are formulated as aqueous solutions, emulsions, liquids, lotions, creams, pastes, gels, dry shampoos, etc. (Siaan, 2014) . All shampoo formulations contain a mixture of surfactants (synthetic or natural) as cleansing and foaming agents, excipients (viscosity-controlling agents, emollients, preservatives, etc.) , and active ingredients (Breuer, 1981) . Shampoo formulations must be medically safe for long-term usage.
Various synthetic, herbal, medicated, and non-medicated shampoos are available in local market and it is necessary to measure their performance, quality, and effectiveness. The evaluation of shampoos comprises quality control tests including visual assessment and measuring physiochemical controls such as pH, density, viscosity, surface tension, foam volume, and wetting ability.
Therefore, this study aimed to evaluate several shampoos for normal hair available in local market in Riyadh, Saudi Arabia, based on scientifically physiochemical measurable properties. To evaluate the formulations, quality control tests including visual assessment and measuring physicochemical controls such as pH, density, etc. were performed. Additionally, to analyze product quality, specific tests were conducted for shampoo formulations including determining dry residue and wetting ability, total surfactant activity, surface tension, and detergency tests.
local Saudi supermarket. The ingredients of each shampoo are listed in Table 1 .
Evaluation of the selected shampoos

Physical appearance/visual inspection
The formulations were evaluated based on their clarity, color, odor, and texture.
Determination of pH
The pH levels of the different shampoos tested in 1% and 10% water solutions were evaluated using a pH meter (pH/ORP meter, HI 2211 Hanna instrument, Michigan, USA) at a room temperature of 25 ± 2°C, based on the work of several authors (Abu-Jdayil and Mohameed, 2004; Kumar and Mali, 2010; Sharma et al., 2011; Krunali et al., 2013; Nirmala Halligudi, 2013a,b; Al Badi and Khan, 2014; Siaan, 2014; Fazlolahzadeh and Masoudi, 2015) . Most shampoos are neutral or slightly acidic. Acidic solutions cause the cuticle (outer layer) of the hair to shrink and lie flatter on the hair shaft. Basic solutions cause the cuticle to swell and open up. Acidic solutions make the hair smoother, while basic solutions make the hair frizzier.
Rheological evaluation (Viscosity)
The viscosity of the tested shampoos was determined using the Brookfield Viscometer (R/S plus rheometer model, LV, USA) set at different spindle speeds of 1-5, 10, and 20 rpm (Sharma et al., 2011; Nirmala Halligudi, 2013a,b; Fazlolahzadeh and Masoudi, 2015) . The shampoos' viscosities were measured using spindle C50-1. The temperature and the sample containers' sizes were kept constant during this study.
Foaming ability and foam stability
The cylinder shake method is the most widely used method for determining foaming ability (Kumar and Mali, 2010; Sharma et al., 2011; Krunali et al., 2013; Nirmala Halligudi, 2013a,b; Fazlolahzadeh and Masoudi, 2015) . At room temperature, 1% of 50 mL of the shampoo solution was put into a 250-mL graduated cylinder, which was then covered by hand and shaken ten times. The total volume of the foam content after 1.0 min of shaking was recorded. The height of the foam generated was measured immediately. To evaluate foam stability, the same procedure was performed and the foam volume after 20 min was measured.
Dirt dispersion
A one percentage (1%) solution of each shampoo (1 g of sample in 100 mL of water) was taken and one drop of India ink was added; the test tube was stoppered and shaken ten times. The amount of ink in the foam was estimated as none, light, moderate, or heavy. Shampoos that cause the ink to concentrate in the foam are considered poor quality. The dirt should remain in the water portion. Dirt that remains in the foam will be difficult to rinse away and will be redeposited on the hair (Kumar and Mali, 2010; Sharma et al., 2011; Krunali et al., 2013; Nirmala Halligudi, 2013a,b; Fazlolahzadeh and Masoudi, 2015) .
Wetting time
Wetting time was measured using Drave's test, wherein some kind of weighed skein (velvet) was allowed to sink through a wetting solution in a 500-mL graduated cylinder, and the time taken for sinking was considered as the wetting efficiency (Krunali et al., 2013; Fazlolahzadeh and Masoudi, 2015) . Velvet cut into 1-in. diameter discs, having an average weight of 0.30 g, was chosen for the wetting test of the shampoos. The lower the time required for sinking, the greater the wetting efficiency. The disc was floated on the surface of 1% (w/v) shampoo solution and the stopwatch was started. The time taken by the disc to begin to sink was measured accurately and noted as the wetting time.
Percentage of solid content
A clean dry evaporating dish was weighed and 4 g of shampoo was added to it. The dish and the shampoo were weighed together. The exact weight of the shampoo was calculated and the evaporating dish with the shampoo was placed on a hot plate until the liquid portion evaporated. The weight of the shampoo (solids) after drying was calculated (Fazlolahzadeh and Masoudi, 2015; Kumar and Mali, 2010; Sharma et al., 2011; Krunali et al., 2013) .
If a shampoo has too many solids, it will be difficult to work it into the hair or to wash out. If it does not have enough solids, it will be too watery and will wash away quickly. A good shampoo has 20-30% of solids.
Surface tension
Surface tension measurements were carried out using a solution of 10% shampoo diluted in distilled water at room temperature using a dropper (Kumar and Mali 2010; Sharma et al., 2011; Krunali et al., 2013; Preethi, Padmini et al., 2013; Moldovan and Pȃrȃuan, 2014; Fazlolahzadeh and Masoudi, 2015; Nirmala Halligudi, 2013a,b) . The dropper was thoroughly cleaned using chronic acid and purified water since surface tension is highly affected by grease or other lubricants. Surface tension was calculated by the following equation:
where W 1 is the weight of the empty beaker and W 2 is weight of the beaker with distilled water; W 3 is the weight of the beaker with the shampoo solution; n 1 is the number of drops of distilled water and n 2 is number of drops of the shampoo solution. R 1 is the surface tension of distilled water at room temperature while R 2 is the surface tension of the shampoo solution.
Stability studies
The thermal stability of the shampoos was studied by placing them in glass tubes in a humidity chamber at 45°C with 75% relative humidity as well as in a refrigerator at 4°C, and comparing them to the same shampoos kept at a room temperature of 25°C. The thermal stabilities were observed after storage periods of zero, four, and eight weeks. Their appearances and physical stabilities were inspected for a period of two months (Deshmukh, Kaushal et al., 2012) . Table 2 presents the results of the visual inspection of the tested shampoos, which are brands available in local Saudi Supermarket having different organoleptic properties. The color and odor of the tested shampoos were found to be acceptable by all volunteers.
Results and discussions
Physical appearance and determination of pH
Shampoo pH level is responsible for improving and enhancing hair quality, minimizing eye irritation, and stabilizing the scalp's ecological balance. Mild acidity prevents swelling and promotes tightening of the scales, thereby inducing shine. Thus, the current trend is to promote shampoos with lower pH as a way to minimize hair damage. Table 1 presents the pH level of the 10% tested shampoos, which were acid-balanced and whose pH between ranged 4.82 ± 0.03 to 6.13 ± 0.03. The acceptable pH-range for hair shampoo is 5.0-7.0, which is close to the skin's pH, i.e., hair shampoo should be neutral or slightly acidic (Abu-Jdayil and Mohameed, 2004; Krunali et al., 2013) . The pH of the 1% tested shampoos showed similar results with no significant differences from the 10% tested shampoos.
The acceptability of the organoleptic properties and stability of the selected shampoos at different storage temperatures (4°C, 25°C, and 45°C) for storage periods of 0, 4, and 8 weeks are also listed in Table 2 . The results show that the pH level at both concentrations (1 and 10%) showed no significant differences at different storage conditions than at zero time at 25°C. This indicates that the selected shampoos are physically stable.
Rheological evaluation
Viscosity is the thickness or stickiness of a liquid. The viscosity of a shampoo is related at least in part to the amount of solids that are present. Product viscosity plays an important role in defining and controlling many attributes such as shelf life stability, product aesthetics such as clarity and ease of flow of the product package, spreading ability of shampoo on the hair, and product consistency in the package.
The results of rheological evaluation (Table 3) showed that the viscosity of the tested shampoos change gradually with the increase in revolution per minute (rpm); therefore, the shampoo formulations were time-dependent. Next, the data shows that shampoo viscosity decreases with increase in rpm; therefore, the shampoo formulations were pseudo-plastic in nature. Pseudoplastic behavior is a desirable attribute in shampoos. At low rpm, the shampoos showed high viscosity and an increase in the shear rate results in a drop in the viscosity of the shampoos. This favorable property eases the spreading of the shampoos on hair. The results obtained from the rheological studies were fitted into different flow behaviors, using linear or non-linear regression. Table 2 shows the goodness-of-fit indices for Newtonian, plastic, and pseudo-plastic flow behaviors. All the formulations shown in Table 2 followed a pseudo-plastic rheogram. Fig. 1 shows that the graphical lines are not linear lines; hence, the formulations are non-Newtonian in nature.
Viscosity changes ranging from 9593.67 to 910 cps are acceptable; however, L'Oreal Elvive Ò has a higher viscosity.
The viscosity profile of the selected shampoos at different storage temperatures (4°C, 25°C, and 45°C) for storage periods of 0, 4, and 8 weeks were listed in Table 3 . The outcomes were indicated that the viscosity exhibited no significant differences among the different storage condition than the results obtained at zero time at 25°C. This is proven that the selected shampoos are physically stable.
Foaming ability and foam stability
Although foam generation (lathering) has no correlation with the cleansing ability of shampoos, it is of paramount importance to the consumer and is therefore an important criterion in evaluating shampoos. Table 4 , showed the mean ± SD, n = 3 of tested shampoos in distilled water, they have accepted foam formation. All tested shampoos had the same foam volume for 5 min showing that their foam has good stability (should be 100 mL or more) as shown in Fig. 2 .
The effect of the storage conditions (4°C, 25°C, and 45°C) on the foam retention profile (Figs. 2 and 3 ) of the selected shampoos during storage periods of 0, 4, and 8 weeks showed no significant differences among the different storage conditions compared to the results obtained at zero time at 25°C. This verifies that the selected shampoos are physically stable.
Dirt dispersion
Dirt dispersion is an important criterion for evaluation the cleansing action of shampoos. Shampoos that cause the ink to concentrate in the foam are considered of poor quality because ink or dirt that stays in foam is difficult to rinse away and gets redeposited on the hair (Saad and Kadhim, 2011) . Therefore, dirt should remain in the water portion to achieve better cleansing action. All tested shampoos (Table 5) showed good results in the dirt dispersion test because there was no ink distribution in their foam. Additionally, the influence of storage conditions (4°C, 25°C, and 45°C) on the dirt dispersion profile of the selected shampoos during storage periods of 0, 4, and 8 weeks displayed no significant differences compared to the results obtained at zero time at 25°C. This further verifies that the selected shampoos are physically stable.
Wetting ability
The wetting ability of a surfactant depends on its concentration, which is commonly used to test its efficacy. Table 6 presents the results of the Drave's test, which is the official test that uses velvet discs to test wetting ability. Wetting phenomena are complex and depend upon several processes and factors such as diffusion, surface tension, concentration, and the nature of the surface being wetted. Each wetting agent has to reduce surface tension.
From Table 6 , it can be concluded that Syoss contains the maximum concentration of detergents because it had the least wetting time (12.67 ± 5.03 min) in contrast to Sunsilk, which exhibited the maximum wetting time (23.00 ± 8.19 min); hence, it contains minimum concentration of detergents. The other tested shampoos had acceptable ranges of wetting times. Table 4 Evaluation of foaming ability and foam stability (mean foam volume (cm 3 ) ± SD, n = 3) for the tested shampoo brands. Furthermore, the impact of the storage conditions (4°C, 25°C, and 45°C) on the wetting ability profile of the selected shampoos during the storage periods of 0, 4, and 8 weeks presented no significant differences compared to the results obtained at zero time at 25°C. This confirms that the selected shampoos are physically stable.
Percentage of solid content
Good shampoos usually have 20-30% of solid content, while enables it to be easily applied and rinsed out from the hair. Without enough solids, the shampoo will be too watery and will wash away quickly. The percentages of the solid contents of all tested Fig. 3 . Foam retention profiles of tested shampoos after one month at 45°C, 75% relative humidity. Table 8 . It was found that all tested shampoos were below the required range (5.16 ± 1.89 to 6.29 ± 0.94%), and are expected to wash out easily (Table 7) . Likewise, the effect of the storage conditions (4°C, 25°C and 45°C) on the measurement of the solid content percentage of the selected shampoos during storage periods of 0, 4, and 8 weeks offered no significant differences compared to results obtained at zero time at 25°C. This confirms that the selected shampoos are physically stable.
Surface tension
Surface tension can be measured by the amount of surfactant present in shampoos to reduce the surface tension. The lesser the surface tension, the stronger the cleaning ability of the shampoo. A shampoo is considered to be of good quality if it decreases the surface tension of pure water from 72.28 dyn/cm to about 40 dyn/cm (Ireland et al., 2007) . All the tested shampoos showed similar reductions in surface tension ranging from 31.68 to 38.72 dyn/ cm (Table 8 ). The reduction in surface tension is an indication of their efficient detergent action. The tested shampoos' surface tensions ranged from 32.20 ± 0.69 to 34.73 ± 2.57 dyn/cm (Table 8) , which are acceptable results, with the lowest surface tension indicating that it has the strongest cleaning ability. These results correspond with the wetting data results.
Additionally, the impact of the storage conditions (4°C, 25°C, and 45°C) on the measurement of the surface tension of the selected shampoos during storage periods 0, 4, and 8 weeks presented no significant difference compared to the results obtained at zero time at 25°C. This confirms that the selected shampoos are physically stable.
Conclusion
Shampoo evaluation tests refer to studies and experiments undertaken during production and which, occasionally, ought to be undertaken post-production by regulatory agencies and researchers. In this study, six shampoo brands were evaluated in terms of their pH levels, foam formation, foam stability, viscosity wetting time, surface tension, and dirt dispersion to assess the quality of these shampoos. The results obtained were compared with national standards (reference). The results indicate that all the tested shampoos met the requirements of the standards, which means that they are chemically sound. However, there were slight differences between brands due to their various manufacturing processes, laboratory conditions, and other reasons. It is difficult to determine which shampoo is the best amongst those tested because no one formulation fared better than the others in all the performed tests. It is also difficult to rank the tests according to their importance, as each is important in its own right. It was observed that many characteristics of these shampoos were in the standard range, although some were out of range for some shampoos. Thus, it is clear that, all tested shampoos can be alternatives for each other since they had comparable results for the different tests.
Further research is required to investigate these brands in terms of their microbiology, rheological evaluations, surface tension measurement, skin sensitization test, eye irritation test, and toxicity.
